Background: Fibrin glue is commonly used to prevent bile leakage and bleeding after hepatectomy in clinical cases. Recently, several liver centers try to use polyglactin acid sheet for preventing bile leakage and bleeding in Japan. However, there is no evidence of its efficacy and safety when applied to cut liver surface after surgery. Therefore we evaluated the efficacy of fibrin glue and polyglactin acid sheet using pig liver resection model.
Introduction
Some medical institutions commonly use fibrin glue to prevent bile leakage and bleeding post hepatectomy globally [1] [2] [3] . In recent years, reports from Japan revealed that polyglactin acid sheet with fibrin sealants were effective to prevent air leakage after lung resection and cerebrospinal fluid leakage after transsphenoidal surgery [4] [5] [6] . However, it is still unclear whether fibrin glue or polyglactin acid sheet have similar efficacy upon hepatectomy.
We report the results of the conducted study to assess the efficacy of fibrin glue and polyglactin acid sheet to the cut surface of the liver.
Material and Methods

Experimental groups
The study was performed using male pigs, weighing 23 -25 kg (SEASCO, Saitama, Japan), in accordance with the Guidelines for the Care and Use of Laboratory Animals, Dokkyo Medical University (Approval NO. 0333). After administering ketamine hydrochloride (250 mg) and atropine (0.5 mg) intramuscularly, the pigs were intubated and ventilated mechanically at a tidal volume of 25 mL/kg and a rate of 12 breaths/min. During the experiment, general anesthesia was maintained with a mixture of 1-2% isoflurane and 100% oxygen. Under general anesthesia A chevron incision was performed, the left portal vein and artery were ligated, and a left hemi-hepatectomy was performed (approximately 40%) (Fig.1) . Liver transection was achieved by the crushclamping method using Pean forceps. During liver transection, each of the exposed Glisson's vessels was ligated with 2-0 or 3-0 silk. The stump of a hepatic vein was closed by continuous sutures using 4-0 proline.
Pigs were subsequently allocated randomly into 2 groups (n = 5 in both), where either liquid fibrin glue (Bolheal: Chemo-sero Therapeutic Institute, Kumamoto, Japan) with polyglactin acid sheet (Neoveil: KYOTO Medical Planning Co., Ltd) (Group A), or Bolheal only (Group B), was applied to the resection surface. Bolheal is composed of Solution A and B. Solution A contains 80 mg/mL of human fibrinogen, 75 U/mL of human plasma-derived coagulation factor XIII, and 1,000 KIE of bovine aprotinin. Solution B contains 250 IU/mL of human thrombin and 5.9 mg/mL of calcium chloride. After washing the intraperitoneal space with 1000 mL of the saline in both groups, in group A, after 1 mL solution A was applied to the cut surface, and then 1cm 2 piece of Neoveil was attached to cover the surface, total amounts of solution A and B were 3 mL (Fig. 2 a-e) . In group B, total of 3 mL Bolheal was applied to liver cut surface; 1 mL solution A was applied to the cut surface, and then followed by solution A and B to the cover the surface (Fig. 3 a-c) . After operation, pigs were taken care in the lobo unit, and oral in-take was free after one postoperative day. We did not administer to them any kind of antibiotics via oral or intravenously after surgery. We never disinfected the abdominal incision. After one month, we reopened the abdomen and evaluated the histological findings and incidence of biloma or inflammatory change at the cut surface of the liver.
Results
Five pigs were evaluated in each experimental group. There were no deaths within one month after surgery. In group A, all of the 5 pigs had fibrotic capsulated cavity at the cut surface. Inside of those cavities included necrotic liver tissues, Bolheal, and peace of Neoveil with bile juice. Four of the five cases had severe pus in the cavity (Fig.  4 a-d) . Bacterial culture revealed E.Coli or P. aerginosa as a component of pus. Histologically, Neoveil and Bolheal remained in the fibrotic tissue in normal liver tissue (Fig. 5a,  b) .
In group B, one of the 5 pigs had an abscess at the cut surface, and bacterial culture revealed existence of E coli. Other 4 pigs did not have any kinds of biloma and abscess (Fig. 6a, b) , and there were no histological abnormal findings. Bolheal was completely integrated to normal liver parenchyma (Fig. 7) .
Discussion
Fibrin glue and sheets were commonly used to prevent bile leakage and bleeding after hepatectomy at clinical cases [1] [2] [3] . However, there was no evidence of its efficacy and safety to the cut surface of liver. Few experimental studies reported good results using fibrin glue for liver cut surface. Unfortunately, these studies were conducted only using small animals for a very short interval by small incision or biopsy, hence these results were insufficient to be regarded as an evidence [7] [8] [9] [10] . The purpose of this experimental study was to evaluate the efficacy of fibrin glue only, or fibrin glue with Neoveil, for cut liver surface after resection in one month survival model of pigs.
Bolheal is a bio-adhesive to prevent blood or bodily fluid leakage. Bolheal is composed of human fibrinogen, thrombin, human anti-hemophilic factor XIII, Calcium Chloride, and Aprotinin extracted from donated blood plasmids, heated, dried, and ant-viral processes applied. However, it is still unclear whether Neoveil is effective to prevent bile leakage and bleeding after major liver resection.
Result of this experimental study revealed that Bolheal combined with Neoveil was not effective for preventing biloma and abscess formation at liver cut surface. Both materials were not adapted to carbonizing liver tissue after using electronic scalpel, thus formulated fibrotic tissue capsules between regenerative normal liver tissue and Neoveil and Bolheal. The pus showed the presence of E coli and P. aerginosa, Bolheal with Neoveil, which was not absorbed, might function as a foreign body to accelerate bacterial infection. Rupture or penetration to other organs after one month was considered to be associated risks. On the other hand, Bolheal only was much effective in preventing bile leakage and bleeding, and only one case developed abscess, though without necrotic liver tissue. Histologically, Bolheal was integrated with normal liver tissues after one month, and was thought to have assisted in the regeneration of liver tissues. From this experimental study, Neoveil should not be used for cut surface after liver resection.
Conclusion
Single use of Bolheal is effective for in preventing bile leakage after liver resection, whereas using Neoveil with Bolheal 
